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9Tec Kinases in T Cell Development:
A Clue behind the Mask?
In this issue of Immunity, studies from Atherly et al.
(2006) and Broussard et al. (2006) show that mice
deficient in Tec kinases support development of a
population of CD8+ T cells with ‘‘innate-immune’’
properties. The similarity of these cells to NKT and
MHC-class-Ib-restricted T cells suggests a common
developmental pathway.
Tec kinases play an important role in signal transduc-
tion downstream of the T cell receptor. Mice deficient
in the Tec family members Itk and Rlk are reported
to have grossly normal T cell development, in that they
make and export CD4+ and CD8+ T cells. In this issue of
Immunity, the Berg (Atherly et al., 2006) and Schwartz-
berg (Broussard et al., 2006) labs provide evidence
that behind this mask of normalcy, CD8+ T cells in these
mice are in fact highly unusual. They are NK1.1+, rapidly
produce interferon-g (IFN-g), and are selected on
bone marrow-derived MHC class I. These characteris-
tics are shared by a numerically tiny population of cells
in normal mice—NKT cells and class-Ib-restricted
T cells. These reports provide a classic example of the
need to look beyond simple phenotypic analysis when
studying the developmental impact of gene deficiency
in T cells. They also provide an intriguing clue about
how NKT and class-Ib T cells may develop in normal
mice.
The two studies analyzed Itk or Itk- and Rlk-deficient
T cells and report similar findings in both strains (Atherly
et al., 2006; Broussard et al., 2006). The numerically nor-
mal CD8+ T cells from deficient mice express a markedly
different phenotype from wild-type naive CD8+ T cells;
they are CD122hi, CD44hi, CD3int, NK1.1+, and b7integ-
rinlo. Furthermore, they make high amounts of IFN-g
when stimulated directly ex vivo. Such characteristics
can normally be found in memory CD8+ T cells and in
CD8+ T cells undergoing homeostatic expansion. Thus,
it is possible that this phenotype is secondary to a se-
vere developmental defect in conventional T cells and
represents a small number of memory T cells thatexpanded in the periphery and migrated back to the thy-
mus. This possibility is ruled out by the lack of thymic
re-entry in adoptive-transfer experiments and by the
fact that these unusual cells develop even in fetal thymic
organ cultures. Thus, it would appear that Tec-kinase
deficiency results in the generation of abnormal CD8+
T cells in a T cell-instrinsic fashion.
Interestingly, NKT cells and class-Ib-restricted T cells
also exhibit these phenotypic and functional properties,
although they are normally found in quite small num-
bers in the body and are positively selected on hemato-
poetic progenitors (Bendelac et al., 1994; Urdahl et al.,
2002) (Figure 1). Because they produce IFN-g rapidly,
they have been called ‘‘innate-like’’ T cells and are
suggested to function early on in immune responses.
Surprisingly, Broussard et al. reported that Tec-
kinase-deficient CD8+ T cells can also be selected
when class I is expressed only on hematopoetic cells.
Furthermore, some Tec-kinase-deficient CD8+ T cells
could be found in Kb- and Db-deficient mice, lacking
class Ia molecules. Is it possible that the only T cells
that develop and expand in Itk2/2Rlk2/2 mice are NKT
or class-1b T cells? This seems unlikely because the
CD8+ T cells in Itk2/2Rlk2/2 mice fail to stain with
CD1d tetramers, and only a small population develops
in class-Ia-deficient mice. Rather, the data suggest that
class I ligands that normally lead to other fates (e.g.,
positive or negative selection) are leading to the gener-
ation of this unusual population of ‘‘innate-like’’ T cells
in Tec-kinase-deficient mice.
In this scenario, one might imagine that Tec kinases
are merely shifting the strength or duration of T cell re-
ceptor (TCR) signaling in the thymus and that such
a shift leads to an altered threshold for different selec-
tion events. Indeed, it was previously suggested that
Tec-kinase deficiency results in a shift in signaling
thresholds in the thymus (Schaeffer et al., 2000). Here,
one would propose that the generation of innate-like
T cells requires a slightly lower threshold than clonal
deletion but a slightly higher threshold than positive
selection. Thus, the ligands that normally cause clonal
deletion would generate innate-like cells in Tec-kinase-
deficient mice. Although there is no direct evidence for
this hypothesis, high-affinity ligands were shown to in-
duce HY TCR transgenic T cells in organ cultures to
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10Figure 1. Tec-Kinase-Deficient CD8 Single-
Positive Cells Express Eomesodermin and
Acquire ‘‘Innate-like’’ Immune Properties
During normal T cell development, double-
positive (DP) thymocytes interact with class
Ia MHC peptide ligands (blue) on the stroma
and result in positive selection of naı¨ve
CD8+ T cells. Rare progenitors with T cell re-
ceptors that are CD1d- or class-Ib-restricted
(red) interact with their ligands on bone-
marrow-derived cortical thymocytes, result-
ing in positive selection, expansion, and ac-
quisition of ‘‘innate-like’’ immune properties,
including rapid production of IFN-g and
a phenotypic profile of CD122hi, CD44hi, and
NK1.1+ (e.g., NKT cells and H2-M3-restricted
T cells). In contrast, in mice deficient for
the Tec kinases Itk and Rlk, progenitors
interacting with class Ia or Ib MHC molecules
express eomesodermin and acquire similar
‘‘innate-like’’ immune functions and
phenotypes.develop into CD8 single-positive cells with many of
the same properties described here, including IFN-g
production (Yamagata et al., 2004). Furthermore, Brous-
sard et al. show that Tec deficiency prevents deletion
in the HY system. However, it did not result in HY
CD8+ T cells with the unusual phenotype, so this
model in its simple form is unlikely to be entirely accu-
rate. Exactly what type of TCR interactions leads to
selection of CD8+ T cells in these mice thus remains
unclear.
Of interest is the observation that Tec-kinase-defi-
cient CD8+ T cells express high amounts of the tran-
scription factor eomesodermin, whereas normal naive
CD8+ T cells do not. Eomesodermin is normally upregu-
lated in memory CD8+ T cells and is required for IFN-g
production by these cells. Atherly et al. also showed
that the maintenance of CD8+ T cells in Tec-kinase-
deficient animals is highly dependent on interleukin-15
(IL-15). Both memory T cells and NKT cells are also de-
pendent on IL-15. Because eomesodermin directly up-
regulates CD122 (the IL-2Rb and IL-15Rb chain), it is
possible that enhanced cytokine signaling generates
the unusual phenotypic and functional properties of
Tec-kinase-deficient CD8+ T cells. It is clear that this
conversion can happen independently of foreign anti-
gen because IL-7 or IL-15 transgenic, STAT5 trans-
genic, and SOCS1-deficient CD8+ T cells all have a sim-
ilar phenotype (Surh and Sprent, 2005). Altogether, an
attractive model is that Tec kinases normally represseomesodermin during CD8+ T cell development
(Figure 1). In their absence, CD8+ T cells upregulate
eomesodermin and CD122 at the early single-positive
stage and develop and expand ‘‘innate-immune’’
function.
These results, of course, lead to speculation about
development in the normal situation. Do double-posi-
tive thymocytes interacting with CD1d or H2-M3 on
bone-marrow-derived cells fail to repress eomesoder-
min, and does this failure result in the acquisition of ‘‘in-
nate-like’’ immune properties? Whether eomesodermin
repression is something normally regulated by stromal
cells or whether it has to do with TCR signal strength
is unclear. If it were unique to stromal cells, it could ex-
plain why stromal-cell expression of CD1d fails to sup-
port positive selection of NKTs (Forestier et al., 2003;
Xu et al., 2003). In future experiments, it will be critical
to examine eomesodermin-deficient T cells to deter-
mine if this factor is critically involved in the generation
of unusual populations of T cells, such as NKT cells,
class-Ib-restricted cells, and CD8aa intraepithelial lym-
phocytes. This work will require T cell-conditional defi-
ciency because mice lacking this transcription factor
die early in embryogenesis (Russ et al., 2000). Of course,
ultimately understanding why Itk2/2Rlk2/2 T cells fail to
repress eomesodermin will very likely shed light on
whether and how differential signaling through the T cell
receptor leads to the positive selection of normal versus
‘‘innate-immune’’ T cells.
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Signaling in the Immunological
Synapse: Defining the Optimal Size
In this issue of Immunity, Varma et al. (2006) report
that in the synapses between T cells and planar bila-
yers, T cell receptor (TCR) proximal signaling takes
place in peripheral TCR-microclusters that form con-
tinually and that TCR signaling ceases when they fuse
with the central supramolecular activation cluster.
Molecular imaging techniques have provided new and
unexpected insights into T cell activation. Three-dimen-
sional immunofluorescence microscopy and live-cell
imaging of T cell-antigen presenting cell (APC) conju-
gates reveal that after cell conjugation, receptors and
intracellular proteins cluster into spatially segregated
domains within the immunological synapse (IS) (Monks
et al., 1998; Grakoui et al., 1999; Krummel and Davis,
2002). The T cell receptor (TCR)-CD3 clusters into a
‘‘central supramolecular activation cluster’’ (c-SMAC),
and the integrin LFA-1 forms a peripheral SMAC (p-
SMAC). Because the SMACs form only when the T cells
are productively activated, it was proposed that the
SMACs are essential for effective activation under phys-
iological conditions. However, the mechanisms of the
formation of such segregated SMACs and their precise
roles are still unknown. Nevertheless, an intact IS that
is sustained for several hours is required for effective
activation of the T cells (Huppa et al., 2003).
One of the remarkable features of T cell activation is
the extreme antigen (Ag) sensitivity of the T cells. T cells
can sense the presence of even one specific peptide-
MHC on an APC and are fully activated by as few as
ten specific peptide-MHC molecules on an APC (Irvine
et al., 2002). This extreme Ag sensitivity could result in
excessive activation and T cell death whenever T cells
interact with APCs expressing high densities of specific
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for the high Ag sensitivity and the protection from ex-
cessive activation has been proposed and states that
the c-SMAC serves as a regulator of TCR activation
(Lee et al., 2003). At low peptide-MHC concentrations,
clustering of the ligated TCR at the c-SMAC enhances
T cell activation, but at higher concentrations of pep-
tide-MHC, the c-SMAC would attenuate TCR activation
by modulating c-SMAC TCR activation or by enhancing
TCR degradation. If the c-SMAC attenuates TCR proxi-
mal signaling to prevent excessive activation, where
would the TCR continue to engage its Ag to sustain sig-
naling? This fascinating issue is addressed directly by
Varma et al. (2006) in this issue of Immunity.
To facilitate the study of the dynamic structure and
function of the IS in T-APC conjugates, Varma et al.
replaced cellular APCs with artificial surrogate APCs.
The supported planar lipid bilayers, which contain gly-
cosylphosphatidylinositol (GPI)-linked IEk (GPI -IEk)
and intercellular adhesion molecule 1 (GPI-ICAM-1) em-
bedded membrane proteins, have proven to be the
most relevant surrogate APCs for studying the IS (Gra-
koui et al., 1999). The ability of the embedded proteins
to diffuse laterally within the lipid bilayer enables the for-
mation of TCR clusters and SMACs in the T cells. Varma
et al. initially used total internal reflection fluorescence
microscopy (TIRFM) to follow TCR clustering and the
formation of the c-SMAC. They report that TCR micro-
clusters form rapidly and move independently toward
the center of the IS. During this movement small micro-
clusters fused to form larger clusters, and by 5–15 min
these larger clusters interconnected and became immo-
bilized at the center of the IS. This immobilized network
of TCR molecules was defined as the TCR-c-SMAC.
Varma et al. (2006) then address the location of TCR
proximal signaling during the later stages after the
c-SMAC was already formed. They report that TCR
microclusters continue to form after the formation of the
c-SMAC (>30 min). Interestingly, whereas the size of the
c-SMAC is linearly correlated with the density of the Ag,
the size of these microclusters remains quite constant
